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1
SELF-SUPPORTING SHRINKING MANDREL

TECHNICAL FIELD

‘The present invention relates to mandrels and partic-
ularly to mandrels suited for use in the formatlon of
- composite support members for alrcraft

BACKGROUND OF THE INVENTION

In the twentieth 'century materials science has made
great strides, particularly in the area of strong, light-
weight members. The development of aircraft in the
twentieth century has particularly spawned the devel-
opment of lightweight structures which can withstand a
great deal of stress and torsion without adding an undue
amount of weight to an aircraft.

One of the most eommonly used structures in the

construction of aircraft are composite support mem-

‘bers, particularly hat section stiffeners which com-
monly take the form of trapezoidal support members
attached to the surfaces to which they provide support.

It is common in the state of the art to construct hat

section stiffeners and compos:te supports from epoxy
plastic interspersed with fibers of boron, graphite, or
glass In the formation of these structures the combina-
tion is usually heated to a temperature between 200 and
400° F. in order to set and cure the composite. More
recent developments include the use of thermoplastic

composites which are formed into hat section stifteners

by heating a sheet of material which is placed over a
mandrel deﬁnmg the shape of the stiffener and the
cooled. -

Other comp031tes are also set and cooled at tempera-
tures more closely resembling room temperature.

In the making of composite stiffener sections, particu-
larly those of the epoxy and fiberglass type, great diffi-
culty has been encountered in providing mandrels about
which the stiffener sections may be formed and which
may be readily withdrawn from the completed stiffener

section once the setting of the compos:te has been ef-

fected, It has proven difficult to provide suitable man-
drel materials which satisfy the following criteria. Suit-

able mandrels must be able to withstand the tempera-

tures encountered in curing the composite sections
~ without either losing their rigidity or expanding an
unacceptable amount due to the elevated temperature.
Upon cooling the mandrel material should be easy to

remove from the eompleted stiffening section. The
50

mandrel must also be able to withstand the stress en-
countered in withdrawing the mandrel material from
elongated stiffener sections which have been com-
pleted. |
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Salt mandrels have been proposed but they have
undesirable characteristics under the elevated tempera-
tures commonly encountered in composite formation
and require a laborious and time consuming step of
dissolution and flushing upon completion of the com-
posite.

SUMMARY OF THE INVENTION

‘The present invention overcomes the aforementioned
shortcomings of the prior art by providing a mandrel
which is both easy to use and physically stable under
the normal conditions encountered in the formation of
composite sitffener sections and which also may be
readily and easily removed upon completion of the
curing and setting process.

The present invention provides such a mandrel by
providing an actuator with N (N being an integer
greater than one) legs extending radially from the longi-
tudinal axis of the actuator. Each of the legs includes a
cross member spaced from the longitudinal axis. N sup-
port members are provided with slots or grooves for
accepting the cross members on the legs. The cross
members extending into the grooves of each support
member grip each support member in a fashion which
prevents its withdrawal radially from the longitudinal
axis of the actuator. Therefore the entire mandrel struc-
ture is self supporting when initially assembled.

In a preferred form of the invention the width and

depth of the grooves in the support members are con-
stant along the length of the actuator while the distance

between longitudinal axis and the geometric center of
the cross members diminishes, together with the thick-
ness of the legs, as one proceeds from the root end of the
actuator member to the tip end. Therefore, in a plurality
of cross sections taken in planes perpendicular to the
longitudinal axis of the actuator, the cross section of the
actuator diminishes between the root and the tip.
Since the cross members continue to grip each of the
support members to prevent radial (from the longitudi-

‘nal axis of the actuator) movement of the support mem-

bers, the support members will be drawn in toward the
longitudinal axis of the actuator as the actuator is with-
drawn longitudinally root first. It will therefore be ap-
preciated that the mandrel of the present invention
provides a positive shrinking action upon withdrawal of
the actuator and will overcome the problems that have
been encountered in the prior art with mandrels remain-
ing within cured and set composite stiffener sections.
In a second form of the present invention each leg
and cross member fits directly ito an appropriately

~ formed slot. Thus the presence of the cross member

The difficulties encountered in. prowdmg suitable

forms or mandrels for formation of composite stiffening
sections has led the use of lightweight foam forms

which remain within the stiffener section once it has

been set. The use of such a scheme for forming compos-

39

ite stiffeners adds additional unnecessary weight to the

completed structure since the foam makes no significant

contribution to the structural integrity of the completed
stiffener section but does add - weight.

Solid forms of aluminum or plastic can be used to
form short lengths of composite stiffeners but are diffi-
cult or impossible to remove when long lengths are
required, particularly when the stiffener runs over an
arcuate surface such as a wing or along the length of a
fuselage - -

65

directly in slidable engagement with a slot designed to
accept the member provides the mandrel with its self
supporting feature. In the second form, the distance
between the geometric center or lower edge of the
cross member and the longitudinal axis of the actuator
diminishes in cross sections taken perpendicular to the
longitudinal axis as cross sections are taken from the
root toward the tip of the actuator. |

In all forms of the present invention the outer dimen-
sions of the support members may be of either constant
cross section or tapered cross section depending on the
ultimate shape of the composite sectlon to be formed
around the mandrel. |

It will also be appreciated that mandrels in the form
of the present invention may be formed with actuator
members and support members having a curvature of
the longitudinal axis and thus may be used to form com-
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posite sections over wind areas and along the fuselage
of aircraft. Of course the mandrel of the present inven-
tion is useful in other environments in which a reusable
easily withdrawn form is needed about which to work
any maleable or settable material.

It will therefore be appreciated that it is an object of
the present invention to prov1de an improved mandrel
particularly suited for use in the formation of epoxXy
resin composite support structures in which elevated
temperatures are encountered during formation of the
structures. |

It 1s still a further objeet of the present invention to
provide a mandrel which is self supporting, easily with-

drawn from the completed structure, and reusable.

It 1s a further object of the present invention to pro-
vide an improved mandrel wherein withdrawal of an
actuator arm provides a positive shrinking action which

pulls the support members of the mandrel away from.

the workpiece which has been formed about the man-
drel. -

‘These anc other objects of the present invention will

be appreciated from the detailed description of the sev-
eral embodiments below. .

 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plotorlel view of a typloel hat section
stlffener composlte structure. .. |
 FIG. 2 1s an elongated pictorial view of an embodi-
ment of the present invention with part of the support
members shown broken away..

F1G. 3 1s a cross section taken along line 3—3 in FIG
2.

FIG 4- is a cross section taken along line 4—4¢ in FIG.
3 - |
FIG 5A 1$ a front elevatlonal Cross seotlon of the
support members of an embodiment of the present in-
vention. = .

FIG. 5B 1s a front elevational cross section of the root
end of an embodiment of the actuator of the present
invention, |

FIG. 5C is a front elevatlonal cross section of the tip
of the actuator shown in FIG. 5B.

FIG. 6 is a pictorial view of a separate actuator for an
embodlment of the present invention.

- FIG. 7 1s a side elevational view of another actuator

for an embodiment of the present invention.
- FIG. 8 is a front elevational cross section of a three
legged embodiment of the present invention.
FIG. 9 1s a front elevational cross section of a second
three legged embodiment of the present invention.
FIG. 10 is a front elevational cross section of a two
legged embodiment of the present. invention.

FI1G. 11 is a front elevational cross section of a second

two legged embodiment of the present invention.

DETAILED DESCRIPTION

The oonstruotlon and operation of the present inven-
tion may be appreciated from the following description
with reference to the ﬁgures in which like numerals
reference like parts. FIG. 1is a pictorial view of a typi-
cal hat section stiffener 10 used to support a structural
member 11. It is to be appreciated that the form of hat

section stiffener 10 is typical and that other forms may -

be created by using the mandrel of the present inven-
tion.

In the environment of aircraft constructlon it will be
appreciated that structural member 11 may be a part of
an airfoil surface of an airplane wing, a fuselage, or
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4.
some other element of an aircraft. The interior of hat
section stiffener 10 is shown as 12 and, as will be appre-
ciated by those skilled in the art, is preferably con-
structed to be hollow thus taking ‘maximum advantage
of the structural support provided by section 10 while
minimizing the weight of the entire structure.

As will also be appreciated by those skilled in the art
the conventional forming of hat sections such as section
10 1s a process in which interior portion 12 is filled with
a mandrel or some ether form about whlch the section
is set.

Turnmg to FIG. 2, a ﬁrst preferred form of the pres-
ent invention may be seen. In FIG. 2 part of support

members 15-18 are cut away toward the rear of the
mandrel. As may be seen from FIG. 2 the first preferred
embodiment of the present invention has an actuator 20
which in cross section generally takes the shape of a
Jerusalem cross. The actuator is characterized by a
longitudinal axis shown as 22 in the drawing. |

Actuator 20 is inserted in a plurallty of support mem-
bers 15, 16, 17, and 18. The space between supports
members 15-18 is filled with an appropriate filler mate-
rial 21 which may be ajelly, a high temperature alkyd di
isocynate foam or some other frangible material which
may be crushed once the composite section is formed as
will be described further hereinbelow. Lines 3—3 and.
4—4 show cross sections Wthh are deplcted in FIGS. 3
and 4, respectively. A

FIG. 3 shows the root end of ‘actuator 20, the root

‘end being the end having a larger cross section than the

tip end. As used herein the term “‘cross section,” unless
otherwise defined, refers to cross sections perpendicular
to longitudinal axis 22 of actuator 20. In the cross sec-
tion of FIG. 3 it may be seen that actuator 20 includes
four legs 24a-24d extending radially from longitudinal
axis 22. Each of legs 20 is terminated by one of cross
members 25a-25d. Since cross members 25 are wider at
their distal ends than-legs 24, it may be seen that each of
support members 15-18 includes an area adjacent to
legs 24 which is “gripped” by the combination of legs
24 and cross members 25 so that each respective cross
member may not be moved radially away from longitu-
dinal axis 22. Therefore it will be appreciated that the
mandrel shown in FIG. 3 is self supportmg due to the
presence of the cross members.

It will further be appreciated that it is the fact that
cross members 25 are wider than legs 24 which provides
this support feature and therefore the term cross mem-
ber as used herein should be generically considered to

nclude any geometric shape spaced away from longitu-

dinal axis 22 on one of legs 24 which is wider than the
proximal end of leg 24 which serves to hold one of
support members 15-18 in place. Therefore the equiva-
lents of the cross members 25 shown in FIG. 3 will
include circular, bulbous, triangular or other similarly
enlarged.distal portions of legs 24 which serve an equiv-
alent function to hold support members 15-18 together.
In the first preferred form of the invention spaces
between support members 15-18 are filled with a jelly,
appropriate foam,.or other frangible material.
F1G. 4 shows a cross section taken along line 4—4 in
FIG. 2. Note in FIG. 4 that each of dimensions A’, B’
and C’ correspond to dimensions A, B and C of actuator

.20 shown in FIG. 3. FIG. 4 illustrates that dlmensmns

A’-C’ are diminished toward the tip end of actuator arm
20 and that cross members 252-25d are closer to longi-
tudinal axis 22 at the tip end shown in FIG. 4 than at the
root end shown in FIG. 3. It will therefore be appreci-
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ated that withdrawal of actuator 20 along longitudinal
axis 22 in the direction of a line extending from the tip
end to the root end will cause cross members 25 to pull
support members 15-18 closer together. This provides

the positive shrinking feature of a mandrel according to:
the present invention upon withdrawal of actuator 20.

Note that it is the shrinkage of legs 24a-24d both in
length and width which causes the actuator of the first

preferred embodiment to positively collapse the man-
- 10

drel when the actuator is withdrawn.. In the first pre-

ferred embodiment frangible material in voids 21 will be
crushed and may thus be éasily removed when the en-

tire mandrel is removed from the formed composite. It
will thus be appreciated from FIGS. 2-4 in reference to

FIG. 1 that the positive shrinking action of the mandrel

will pull support members 15-18 away frem the interior
12 of hat section 10 once the section is set and cured.

This allows the mandrel to be easily removed leavlng
hat section 10 appreprlately hollow to minimize the

weight of the entire structure and also allows the man-
drel to be reused.

Turning now to FIGS. SA-3C a second preferred
form of the present mventlon may be seen. FIG. 5A
shows support members 15-18 which may be identical
to those shown in FIGS. 2 and 3. It is to be understood
that FIG. 5B shows a cross section of an actuator for

the second preferred embodiment of the present inven-
tion taken at the root end and that FIG. 5C shows a

cross section of the same actuator taken at the tip end.

- Turning first to FIG. 5A it will be appreciated that
distances a, b and c remain constant along cross sectlons

. of support members 15-18. It wﬂl further be apprem—_

ated that distances d, e and f representlng the outside
dimensions of support member 15 may be constant or
may be tapered in cross sections taken from the root end
to the tip end depending on the desired final form of the
composite section to be made using the mandrel. It will
be appreciated that similar outside dimensions for sup-
port members 16~18 may also be varied according to
the desired shape of the final composite section.

As may be seen in FIG. 5A each of support members.

15-18 includes a pair of grooves on adjacent sides of the
member. For example support member 15 has groove
35z on one side and groove 35b on its adjacent side.
Similarly support member. 16 includes groove 362 and
groove 36b on the side adjacent to the side containing
groove 36a. It will be apparent from the foregoing
description of FIGS. 2 and 3 and the following descrip-
tion of FIGS. 5B and 5C that cross members 28a-28d
are 1nserted mto grooves 352-35b0 when the second
preferred embodiment of the present invention is used.

- Turning now to FIG. 5B the root end of the actuator

member of the second preferred embodiment 1s shown
in cross section. Four legs 27¢-27d extend radially from
longitudinal axis 26. In the second: preferred embodi-
ment a cross section of the actuator member also in-
cludes extensions 2%9q-29d4 at the end of each of legs

27a-27d, respectively. Extenstons 29 fill the spaces be-
tween support members 15-18 which are filled with

frangible material 21 in the first preferred embodiment
shown in FIG. 3. In taking cross sections of the actuator
member from the root end toward the tip end the cross
section eventually takes the form shown at the tipend in

6

Note however that the distance “a” remains constant
and corresponds to the distance “a” shown in FIG. SA.

- Similarly dimension ¢, the width of cross members 28
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F1G. 5C. Note that the distance between inner edges of 65

- ¢ross members 28a and 28¢ is shown as H1 in FIG. 5B
at ine root end and diminishes to distances H2 shown In

F1G. 5C.

remains constant and corresponds to the width of

- grooves 35a-35b and support members 15-18. Likewise

distance b remains constant. It will thus be appreciated
that withdrawal of the actuator shown in FIGS. SA and
5B will cause the positive shrinking of the mandrel to
withdraw support members 15-18 from the inner por-
tion 12 of hat section 10 as shown in FIG. 1.

From the foregoing description it will be apparent
that the second preferred embodiment provides a man-
drel having N support members N being equal to four.
It will further be appreciated that each of the four sup-
port-members includes a pair of grooves, forex'ample
grooves 35a and 355 in support member 15, with each of
the pair of grooves being disposed on two adjacent sides
of support member 15. It will also be appreelated from
FIGS. 5B ancl 5C that the mandrel comprises an actua-
tor member characterized by longltudmal axis 26 hav-
ing four legs 27a-27d extending radially from axis 26. It
can be seen that each of the legs includes a cross mem-
ber, one of cross members 28q-284 which is aligned for
slidable engagement with grooves 352-38b and that
each of the cross members is aligned for engagement
with two grooves on two adjacent supporting members.
For example it may be seen that cross member 28¢ in
FIG. 5B is aligned for slidable engagement with
grooves 35z and 38a shown in FIG. SA. From FIGS.
5B and 5C it may be seen that the actuating member is

of diminishing cross section when one moves from the

root end (FIG. 5B) to the tip end (FIG. 5C). |
In FIG. 6 a separate actuator of the pull type is

shown. Again the actuator includes four legs 45a-45d
and 1s generally of the form shown in the first preferred
embodiment. The actuator includes an attachment 40 at
the root end of the actuator by which the actuator may
be pulled out of a form composite in the direction of
arrow 41 once the composite has been set and cured.

- In the use of this type of arrangement, the mandrel
would originally be formed with a cruciform member of
constant cross section holding the supporting members.
When the mandrel is to be removed, the cruciform
member would then be withdrawn. Then the separate
actuator shown in FIG. 6 would be inserted and pulled
through the grooves of the support members, causing
the support member to be pulled from the interior of the
composite. It will therefore be appreciated that the root
end of the actuator of FIG. 6 should be of the same
cross section as the original cruciform member.

FIG. 7 shows a side elevational view of a push type
actuator having a longitudinal axis 46. Note that the
actuator of FIG. 7 includes a first section 47 which 1s
tapered in cross section going from root end 49 towards
tip end S0. Portion 47 of the actuator of FI1G. 7 serves to

provide the posttive shrinking function referred to here-

inabove when the actuator i1s withdrawn. The remain-
ing length 48 of the actuators of constant cross section.
The actuator of FIG. 7 works in the same manner as
that of FIG. 6 except that it is pushed through the man-
drel rather than pulled.

- FIGS. 8 and 9 show N legged, N support member,

-embodiments of the present invention where N equals 3.

FIG. 8 is a front elevational cross section showing com-
posite hat section 10 with the mandrel inserted therein.
Note that the actuator of this embodiment of the inven-
tion includes three legs 55a-55¢ extending radially from
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longitudinally axis 52. Each of legs 554-55¢ 1ncludes

one of cross members 56a-56¢.
In the embodiment shown in FIG. 8 legs 554-55¢ also
include extensions 532-33c¢ analogous to extensions 29

of the second preferred embodiment shown in FIG. 5B.

The embodiment shown in FIG. 8 is constructed, as
with the previous embodiments, so that the distance
between longitudinal axis 52 and cross members
S6a-56¢ diminish as cross sections are taken going from
the root end of the actuator to the tip end. The displace-
ment of support member 57 which results from the
actuator being withdrawn is shown in phantom as 57’ in

FIG. 8. It 1s to be understood that the preferred form of

the present invention would also cause support mem-
bers 58 and 39 to be similarly displaced toward longitu-

dinal axis 52 upon withdrawal of the actuator.

In FIG. 9 yet another three legged embodiment of
the present invention is shown wherein three legs 68a,
680 and 68c¢ extend radially from longitudinal axis 60.
As may be seen from FIG. 9 each of legs 68 slidably
engages a slot (shown as filled by the legs) provided in
each of support members 65-67, respectively. In this
embodiment each of legs 68¢-68¢ is terminated by one

of cross members 6%92-69¢. It is to be understood that as.

cross sections are taken from the root end (as shown in
FI1G. 9) towards the tip end that the distance between
cross members 69a-69¢ and longitudinal axis 60 dimin-
ishes while the width of legs 682-68¢c may remain con-
stant. Thus withdrawal of the actuator will effect the
positive shrinking action of the entire mandrel drawing
support members 63, 66 and 67 inwardly toward longi-

tudinal axis 60.
- In the embodiment shown in FIG. 9 the spaces be-
tween support members 65-67 are filled with a foam
material 71 of the same type shown as filler 21 in FIG.
3 and are sealed by appropriate sealing members 72.
Therefore when the actuator is withdrawn along longi-
tudinal axis 60 filler element 71 will be crushed in order
to allow the necessary displacement of members 65, 66
and 67.

FIGS. 10 and 11 show elevational cross sections of
embodiments of the present invention where N equals 2,
that 1s where the actuator comprises two legs extending

radially from the longitudinal axis and using two sup-
port members.

In FIG. 10 legs 76a and 76b extend radially from
longitudinal axis 75 and are transversed to the spaces
between support members 73 and 74 which are filled
with frangible material 78 and sealed by apprc)pna.te
sealing member 79.

In FIG. 11 legs 81¢ and 816 extend radially from
longitudinal axis 80 and are colinear with voids filled by
frangible material 88 and sealed by sealing members 89.
It will thus be appreciated that the embodiment of FIG.
10 where N equals two is an analog of the N equals
three embodiment of FIG. 9 and bears the same rela-
tionship to the embodiment of FIG. 11 (N equals two)
as the embodiment of FIG. 9 bears to the embodiment
of FIG. 8. It will of course be apparent that frangible
material 88 may be replaced by extensions of legs 81a
and 810 as will be appreciated from the foregoing dis-
cussions of the embodiments of FIGS. 8 and 5.

In FIG. 10 an elevational cross section of the root end
of the mandrel may be seen. Legs 762 and 76b are each
terminated by cross members 77a and 77b, respectively.
Voids between support members 73 and 74 are filled
with frangible material 78 which will be crushed upon
withdrawal of the actuator. It will be apparent from the
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foregoing discussions of operations of the present inven-
tion that the width of legs 76z and 766 may remain
constant along cross sections taken from the root to the
tip. The location of cross members 772 and 77b at the tip
end of the actuator are shown in phantom as 774/, re-
spectively.

‘Therefore withdrawal of the actuator along longitu-
dinal axis 75 shrinks the mandrel by bringing support
members 73 and 74 together crushing frangible material
78 thus providing the positive shrinking action. Since
each of legs 76 and cross members 77 are slidably en-

gaged in a groove in support members 73 and 74, it may

be seen that the mandrel is also self supporting as was
the case with the other embodiments of the present
invention shown herein.

In FIG. 11 yet another embodiment with N equal to
two 1s shown having support members 85 and 86. In this
embodiment legs 81a and 816 extend radially from lon-
gitudinal axis 80 and are terminated by cross members
87a and 87b. Note the cross members 87a and 876 have
arcuate ends which are turned in toward longitudinal
axis 80.

As mentioned hereinabove the remaining space be-
tween support members 85 and 86 may be filled with

frangible material 88 (as shown in FIG. 11) or may be

filled with extensions of legs 81 analogous to extensions
33 of the embodiment shown in FIG. 8.

The shape of the tip end of the actuator of the em-
bodiment in FIG. 11 is shown in phantom therein. The
tip end of cross members 87a and 87b are shown as
phantoms 872’ and 87¥, respectively. The sides of legs
81a and 815 at the tip end are shown in phantom as 81a’
and 815, respectively. Note that in the embodiment of
FIG. 11 the width of legs 81a and 815 diminishes in
cross section as one travels from the root end to the tip
end thus drawing the distal ends of cross members 87a
and 87) inwardly toward longitudinal axis 80 upon
withdrawal of the actuator. The diminishment in cross
section of the actuator member again draws the support
members, in this instance 85 and 86, together providing
the positive shrinking action which will thus allow the
mandrel to be easily removed from formed hat section
10. |

The arcuate or bent ends of cross members 872 and
87b are provided to give the mandrel the self supporting
feature that is present in the other embodiments. From
the foregoing description of various embodiments of the
present invention it will be appreciated that the present
invention fulfills the object set forth hereinabove and
overcomes the above recited problems which have been
encountered in the prior art. It will also be apparent that
other embodiments of the present invention in addition
to those described in detail herein may be constructed
within the scope of claims below.

I claim:

1. An improved mandrel comprising in combination:

‘N support members, N being an integer greater than:
two;

each support member of said N support members
including a pair of grooves, one groove of said pair

~of grooves being disposed on each of two adjacent

sides of said support member; |

an actuator member characterized by a longitudinal
axis;

said actuator member including N legs extending
radially from said longitudinal axis:

each of said legs including a cross member of prede-
termined constant width in cross sections perpen-
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dicular to said longitudinal axis aligned for slidable
engagement with at least two of said grooves on
- two adjacent support members of said N support
- members; and
wherein for each said cross member supported by one
leg of said N legs, said actuator member is charac-
terized by a diminishing minimum distance be-
tween a distal edge of said cross member and said
- longitudinal axis and a constant minimum distance

between said distal edge and a next adjacent leg of 10

said N legs, and the width of each of said legs
diminishes in proportion to said diminishing mini-
mum distance between said distal edge of said cross
member and said longitudinal axis in cross sections
taken from a root end to a tip end in planes perpen-
dicular to said longitudinal axis.

2. An improved mandrel comprising in combination:

an actuator member characterized by a longitudinal
axIs;

said actuator member including N legs extending
radially from said longitudinal axis, N being an
integer greater than two;

each of said legs including a cross member of prede-
termined constant width in cross sections perpen-
dicular to said longltudmal axis spaced from said
longitudinal axis;

N support members, each of said support members
including a slot for slidably engaging one of said N
legs; and |

wherein for each said cross member supported by one
leg of said N legs, said actuator member is charac-
terized by a diminishing minimum distance be-

13

20

23

30

35

45

50

55

65

10

tween a distal edge of said cross member and said
longitudinal axis and a constant minimum distance
between said distal edge and a next adjacent leg of
said N legs, and the width of each of said legs

diminishes in proportion to said diminishing dis-
tance between said distal edge of said cross mem-
ber and said longitudinal axis in cross sections
taken in planes perpendicular to said longitudinal
axis from a root end to a tip end.

3. The mandrel of claim 1 further comprising an ex-
tended portion of said actuator member attached to said
tip end of constant cross section equal to the cross sec-
tion at said tip end.

4. A mandrel as recited in claim 1 wherein each said
cross member is characterized by a length along a line
substantially perpendicular to the axis of the leg of said
N legs supporting said cross member, and said length
diminishes in said cross sections taken from a root end
to a tip end in planes perpendicular to said longitudinal
axis.

5. The mandrel of claim 2 further comprising an ex-
tended portion of said actuator member attached to said
tip end of constant cross section equal to the cross sec-
tion at said tip end. |

6. A mandrel as recited in claim 2 wherein each said
cross member is characterized by a length along a line
substantially perpendicular to the axis of the leg of said
N legs supporting said cross member and said length
diminishes in said cross sections taken from a root end
to a tip end in planes perpendicular to said longitudinal

axis.
% * * ¥ *x
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